Introduction {#S0001}
============

Lung cancer is one of the major causes of cancer-related deaths with a 5-year survival rate of only 16.1%.[@CIT0001] Small-cell lung cancer and non-small-cell lung cancer are the two subtypes of lung cancer. Among all lung cancer patients, the former accounts for about 15% and the latter accounts for approximately 85%. Non-small-cell lung cancer can be further subdivided into several types, such as squamous cell carcinoma, adenocarcinoma and large cell carcinoma.[@CIT0002] Despite differences among lung cancer subtypes, the delayed diagnosis and limited treatment options are the main reasons for the low survival rate. Given the complicated process of lung cancer development, it is urgently needed to explore novel and specific markers for the diagnosis and target treatment of lung cancer to improve the clinical outcomes.

Long non-coding RNAs (lncRNAs) are a family of RNA molecules with more than 200 nucleotides in length, which have limited protein-coding capacity.[@CIT0003] LncRNAs have been shown to serve functions in multiple human malignant tumors, including lung cancer. Currently, a large amount of lncRNAs have been confirmed to play a vital regulatory role in tumorigenesis of lung cancer.[@CIT0004] For example, a report revealed that LINC00152 was aberrantly up-regulated in lung cancer and high expression of LINC00152 indicated poor prognosis.[@CIT0005] Knockdown of LINC00152 resulted in the weakened proliferation of lung cancer cells.[@CIT0005] On the contrary, lncRNA DGCR5 was reported to be down-regulated in lung cancer and associated with poor prognosis.[@CIT0006] DGCR5 inhibits lung cancer cell proliferation, migration and invasion.[@CIT0006] Several tumor-related lncRNAs have been identified in lung cancer. Thus, discovery of important lncRNAs will provide effective options for the diagnosis and targeted treatment of lung cancer. SLC7A11-AS1 has been rarely reported in human tumors currently. Only two studies identified its function in gastric cancer and pancreatic cancer.[@CIT0007],[@CIT0008]

microRNAs (miRNAs) have been identified as crucial regulators in tumorigenesis.[@CIT0009] MiR-4775 has been reported to be participated in the regulation of some human disease, but its function in lung cancer has not yet been reported.[@CIT0010],[@CIT0011] TRAIP was found to promote tumorigenesis by participating in epithelial--mesenchymal transition.[@CIT0012],[@CIT0013] High TRAIP expression has been discovered to be related to metastasis and poor prognosis.[@CIT0012],[@CIT0013] In this article, we have studied the underlying molecular mechanism of SLC7A11-AS1 affecting lung cancer development, which might provide an effective theoretical basis for the application of SLC7A11-AS1 as a potential diagnostic biomarker and therapeutic target.

Methods {#S0002}
=======

Clinical Tissue Samples {#S0002-S2001}
-----------------------

Lung cancer tissues and matched normal adjacent tissues of 47 patients were collected. All patients were diagnosed with lung cancer by pathological examination and did not receive radiation or chemotherapy before surgery. Among the 47 lung cancer patients, 26 cases were in stage I/II and 21 cases were in stage III/IV. Meanwhile, 22 patients were with metastasis and the other 25 patients were without metastasis. In this study, all participants have signed written informed consent. This research has been approved by the ethics committee of the First Affiliated Hospital of Dalian Medical University in line with the Helsinki Declaration.

Cell Culture {#S0002-S2002}
------------

Bronchial epithelial cell line (BEAS-2B) and lung cancer cell lines (H520, H596, A549 and H1299) were provided by Shanghai Cell Bank of the Chinese Academy of Sciences (Shanghai, China). Cells were maintained in Dulbecco′s Modified Eagle′s Medium (DMEM) with 10% fetal bovine serum (FBS) at 37°C, 5% CO~2~ in a sterile incubator.

Transfection {#S0002-S2003}
------------

Specific SLC7A11-AS1 interfering oligonucleotides (si-SLC7A11-AS1-1 and si-SLC7A11-AS1-2) and negative control oligonucleotides (si-NC) were synthesized by Ribo (Guangzhou, China) and transfected into H1299 and A549 cells. MiR-4775 mimics, miR-4775 inhibitors and negative controls were obtained from GenePharma (Shanghai, China). Transfection was performed using Lipofectamine 2000 (Invitrogen, USA) in strict accordance with the instructions. After 48 h of transfection, cells were collected for subsequent researches.

CCK-8 Assay {#S0002-S2004}
-----------

The transfected H1299 and A549 cells were dispersed into single-cell suspensions. Each single-cell suspension was added into 96-well plates. Cells in each plate were cultured for 24 h, 48 h and 72 h, respectively, at 37°C, 5% CO~2~. At each time point, the plates were removed and CCK-8 reagent with a volume of 10 μL was added to incubate cells for 4 h at 37°C. The optical density (OP) value of cells was measured by a microplate reader (Biotek, USA).

Transwell Experiment {#S0002-S2005}
--------------------

After transfected, cell migration and invasion ability were researched by Transwell experiment. In short, the Transwell inserts were inserted into 24-well plates. Matrigel was spread onto the upper chamber for invasion assay. The transfected H1299 and A549 cells dispersed in serum-free DMEM were added into the upper chamber. In the lower chamber, DMEM containing 10% FBS was added with a volume of 500 μL. These 24-well plates were incubated in the incubator at 37°C, 5% CO~2~ for 24 h. Cells on the upper surface were removed by cotton swab, and those on the lower surface was fixed with paraformaldehyde (4%) and stained with crystal violet (0.1%). The number of invasive cells was counted under an inverted microscope. According to the above operation, the number of migration cells was also counted. It should be noted that Matrigel was not required in the determination of migration capacity detection.

Detection of Caspase-3 Activity {#S0002-S2006}
-------------------------------

The transfected H1299 and A549 cells were seeded in 6-well plates. Cells in all plates were cultured for 24 h at 37°C, 5% CO~2~. Then, cells were collected and the activity of caspase-3 was investigated using caspase-3 activity assay buffer solution. The caspase-3 activity detection kit was provided by Beyotime Institute of Biotechnology (Shanghai, China).

Dual-Luciferase Reporter Gene Assay {#S0002-S2007}
-----------------------------------

The wild type (WT)-SLC7A11-AS1, mutant type (MUT)-SLC7A11-AS1, WT-TRAIP and MUT-TRAIP containing the binding site for miR-4775 were designed and inserted into pGL3 luciferase reporter (Promega). For luciferase reporter assay, H1299 and A549 cells transfected by miR-4775 mimics and negative control were further subjected to co-transfection with the above luciferase reporter vectors. After 48 h of co-transfection, dual-luciferase reporter assay kit (Promega, USA) was used to detect the luciferase activity of cells and the relative luciferase activity was calculated.

qRT-PCR {#S0002-S2008}
-------

The expression level of SLC7A11-AS1, miR-4775 and TRAIP mRNA in tissues and cells were determined by qRT-PCR. Briefly, total RNA was extracted from tissues and cells using TRIzol Reagent. Equal amount of each RNA sample was subjected to reverse transcription reaction to synthesize cDNA templates by using PrimeScript™ RT reagent kit (Takara, Japan) in strict accordance with the manual. The cDNA templates were then quantified with SYBR Green reagent (Takara, China) by using the ABI 7500 fast real-time PCR System (Applied Biosystems, USA). The amplification reaction conditions were as follows: denaturation at 94°C for 5 min, 40 cycles of 94°C for 30 s, 58°C for 45 s and 72°C for 30 s, followed by extension at 72°C for 10 min. The relative expression of SLC7A11-AS1, miR-4775 and TRAIP mRNA was calculated with the 2^−ΔΔCt^ method with U6 as the internal control for SLC7A11-AS1, miR-4775 and GAPDH as the internal control for TRAIP mRNA.

Statistical Analysis {#S0002-S2009}
--------------------

Data were expressed in the form of mean and standard deviation and analyzed by SPSS 21.0 software. Student's *t* test was used for the comparison between two groups, while one-way analysis of variance was applied to perform comparison at least three groups. *P* \< 0.05 was considered as statistically significant difference. All experiments were repeated at least three times.

Results {#S0003}
=======

The Expression of SLC7A11-AS1 Was Up-Regulated in Lung Cancer Patients and Cells {#S0003-S2001}
--------------------------------------------------------------------------------

SLC7A11-AS1 relative expression in tumor tissues and normal tissues of 47 lung cancer patients was detected by qRT-PCR. The results showed that relative expression of SLC7A11-AS1 was up-regulated in tumor tissues ([Figure 1A](#F0001){ref-type="fig"}). Besides, SLC7A11-AS1 expression in tumor tissues of patients with stage III/IV was higher than those in stage I/II (*P* \< 0.05) ([Figure 1B](#F0001){ref-type="fig"}). Meanwhile, tumor tissues with metastasis had much higher SLC7A11-AS1 expression ([Figure 1C](#F0001){ref-type="fig"}). SLC7A11-AS1 expression in lung cancer cell lines was subsequently researched, and data showed that SLC7A11-AS1 expression was up-regulated in four lung cancer cell lines (H520, H596, A549 and H1299) compared to that in BEAS-2B cell line (*P* \< 0.05) ([Figure 1D](#F0001){ref-type="fig"}).Figure 1The expression of SLC7A11-AS1 was up-regulated in lung cancer patients and cells. (**A**) Significantly up-regulated relative SLC7A11-AS1 expression was found in tumor tissues than that in normal tissues. (**B**) Relative SLC7A11-AS1 expression in tumor tissues of patients in stage III/IV was prominently higher than those in stage I/II. (**C**) Patients with metastasis had much higher relative SLC7A11-AS1 expression in tumor tissues than those with non-metastasis. (**D**) Obviously higher relative SLC7A11-AS1 expression was observed in the four lung cancer cell lines (H520, H596, A549 and H1299) than that in BEAS-2B cell line. \**P* \< 0.05.

SLC7A11-AS1 Silencing Inhibited Proliferation, Migration and Invasion of Lung Cancer Cells in vitro {#S0003-S2002}
---------------------------------------------------------------------------------------------------

Specific SLC7A11-AS1 interfering oligonucleotides (si-SLC7A11-AS1-1 and si-SLC7A11-AS1-2) and negative control oligonucleotides (si-NC) were transfected into H1299 and A549 cells. By transfection, the relative SLC7A11-AS1 expression in H1299 and A549 cells of si-SLC7A11-AS1-1 group and si-SLC7A11-AS1-2 group was both markedly decreased, indicating that SLC7A11-AS1 expression was effectively silenced ([Figure 2A](#F0002){ref-type="fig"}). Then, the effect of SLC7A11-AS1 silencing on cell phenotype was investigated. As shown by CCK8 and Transwell assays, SLC7A11-AS1 knockdown significantly inhibited proliferation, migration and invasion ([Figure 2B](#F0002){ref-type="fig"}--[D](#F0002){ref-type="fig"}). Besides, the wound healing assay further validated that SLC7A11-AS1 silencing suppressed cell migration ([Figure 2E](#F0002){ref-type="fig"}). Moreover, SLC7A11-AS1 silencing promoted E-cadherin expression while inhibiting the level of N-cadherin ([Figure 2F](#F0002){ref-type="fig"}), suggesting that SLC7A11-AS1 knockdown prevents epithelial-to-mesenchymal transition (EMT) progression. In addition, the activity of caspase-3 was explored. Compared with si-NC group, H1299 and A549 cells of si-SLC7A11-AS1-1 group and si-SLC7A11-AS1-2 group showed much higher relative caspase-3 activity (*P* \< 0.05) ([Figure 2G](#F0002){ref-type="fig"}), indicated that SLC7A11-AS1 silencing induced apoptosis. Flow cytometry result also demonstrated that SLC7A11-AS1 silencing promoted apoptosis ([Figure 2H](#F0002){ref-type="fig"}).Figure 2SLC7A11-AS1 silencing inhibited proliferation, migration and invasion of lung cancer cells in vitro. (**A**) The relative SLC7A11-AS1 expression in H1299 and A549 cells of si-SLC7A11-AS1-1 group and si-SLC7A11-AS1-2 group was both markedly decreased than that of si-NC group. (**B**) Relative to H1299 and A549 cells of si-NC group, those of si-SLC7A11-AS1-1 group and si-SLC7A11-AS1-2 group exhibited significantly lower OD value at 72 h. (**C** and **D**) H1299 and A549 cells of si-SLC7A11-AS1-1 group and si-SLC7A11-AS1-2 group showed less number of migrated and invaded cells than si-NC group. (**E**) The wound healing assay was performed to observe the migration ratio. (**F**) Western blotting assay was used for detecting E-cadherin and N-cadherin expression. The relative protein levels were calculated. (**G**) Compared with si-NC group, H1299 and A549 cells of si-SLC7A11-AS1-1 group and si-SLC7A11-AS1-2 group showed much higher relative caspase-3 activity. (**H**) Apoptosis was analyzed by staining with annexin V/PI through flow cytometry. Apoptotic cells were defined as annexin V and PI double positive. \**P* \< 0.05.

SLC7A11-AS1 Directly Bound to miR-4775 and Regulated Its Expression Negatively {#S0003-S2003}
------------------------------------------------------------------------------

Through bioinformatics analysis using miRDB ([<http://mirdb.org/>]{.ul}), we found that SLC7A11-AS1 may be the sponge for miR-4775 which scored the highest. To validate it, the WT-SLC7A11-AS1 and MUT-SLC7A11-AS1 sequences containing the miR-4775 binding site were synthesized to generate luciferase reporter vectors ([Figure 3A](#F0003){ref-type="fig"}). The relationship between miR-4775 and SLC7A11-AS1 was verified subsequently by luciferase reporter assay. H1299 and A549 cells were transfected by miR-4775 mimics (miR-4775 group) and negative control (NC group). Obviously, miR-4775 mimic transfection effectively promoted miR-4775 expression ([Figure 3B](#F0003){ref-type="fig"}). Luciferase reporter assay showed that the relative luciferase activity of WT-SLC7A11-AS1 reporter in miR-4775 group was prominently inhibited (*P* \< 0.05), but that of MUT-SLC7A11-AS1 reporter in miR-4775 group was not obviously changed ([Figure 3C](#F0003){ref-type="fig"} and [D](#F0003){ref-type="fig"}). Besides, data from RNA pulldown assay showed that WT-bio-miR-4775 group significantly enriched SLC7A11-AS1 ([Figure 3E](#F0003){ref-type="fig"}), suggesting SLC7A11-AS1 directly interacted with miR-4775. Furthermore, SLC7A11-AS1 knockdown promoted the levels of miR-4775 in H1299 and A549 cells ([Figure 3F](#F0003){ref-type="fig"}).Figure 3SLC7A11-AS1 directly bound to miR-4775 and regulated its expression negatively. (**A**) The WT-SLC7A11-AS1 and MUT-SLC7A11-AS1 sequences containing the miR-4775 binding site were synthesized. (**B**) H1299 and A549 cells of miR-4775 group were with much higher relative miR-4775 expression than those of NC group. (**C** and **D**) Relative to H1299 and A549 cells in NC group, the relative luciferase activity of WT-SLC7A11-AS1 reporter in miR-4775 group was prominently inhibited, but that of MUT-SLC7A11-AS1 reporter in miR-4775 group was not obviously changed. (**E**) Compared with NC group, H1299 and A549 cells of WT-bio-miR-4775 group had significantly higher SLC7A11-AS1 enrichment, whereas those of MUT-bio-miR-4775 group had not obviously changed in SLC7A11-AS1 enrichment. (**F**) For H1299 and A549 cells of si-SLC7A11-AS1-1 group and si-SLC7A11-AS1-2 group, markedly higher miR-4775 relative expression was observed when relative to si-NC group. \**P* \< 0.05.

MiR-4775 Could Target TRAIP and Regulated Its Expression Negatively {#S0003-S2004}
-------------------------------------------------------------------

Then, bioinformatics analyses were performed to identify the target of miR4775 by using miRDB and TargetScan tools. Results showed that TRAIP ranked top. Then, the WT-TRAIP and MUT-TRAIP sequences containing the binding site for miR-4775 were synthesized to generate luciferase reporter vectors ([Figure 4A](#F0004){ref-type="fig"}). Dual-luciferase reporter assay exhibited that the relative luciferase activity of WT-RAIP reporter was markedly weakened by miR-4775 mimics (*P* \< 0.05), but that of MUT-TRAIP reporter was not obviously affected by miR-4775 mimics ([Figure 4B](#F0004){ref-type="fig"} and [C](#F0004){ref-type="fig"}). Furthermore, miR-4775 mimics remarkably inhibited TRAIP expression ([Figure 4D](#F0004){ref-type="fig"} and [E](#F0004){ref-type="fig"}). Obviously, in tumor tissues of lung cancer patients, TRAIP expression was negatively correlated with the expression of miR-4775 (*P* \< 0.05) ([Figure 4F](#F0004){ref-type="fig"}).Figure 4miR-4775 could target TRAIP and regulate its expression negatively. (**A**) The WT-TRAIP and MUT-TRAIP sequences containing the binding site for miR-4775 was synthesized. (**B** and **C**) Relative to H1299 and A549 cells of NC group, the relative luciferase activity of WT-TRAIP reporter was markedly weakened by miR-4775 mimics, but that of MUT-TRAIP reporter was not obviously affected by miR-4775 mimics. (**D** and **E**) H1299 and A549 cells of miR-4775 group showed remarkably lower relative TRAIP expression than that of NC group. (**F**) In tumor tissues of lung cancer patients, TRAIP expression was negatively correlated with the expression of miR-4775. \**P* \< 0.05.

SLC7A11-AS1 Could Promote Lung Cancer Development by Enhancing TRAIP Expression via Suppressing miR-4775 {#S0003-S2005}
--------------------------------------------------------------------------------------------------------

Interestingly, we found that SLC7A11-AS1 knockdown suppressed TRAIP expression and it is reversed by miR-4775 inhibitors ([Figure 5A](#F0005){ref-type="fig"}). To validate the regulatory roles of SLC7A11-AS1/miR-4775/TRAIP axis in lung cancer, rescue assays were carried out. Through CCK8 and Transwell assays, we found that miR-4775 inhibition or TRAIP overexpression rescued the proliferation, migration and invasion of lung cancer cells with SLC7A11-AS1 knockdown ([Figure 5B](#F0005){ref-type="fig"}--[D](#F0005){ref-type="fig"}). Therefore, SLC7A11-AS1 could promote lung cancer development by enhancing TRAIP expression through suppressing miR-4775.Figure 5SLC7A11-AS1 could promote lung cancer development by enhancing TRAIP expression via suppressing miR-4775. (**A**) SLC7A11-AS1 silencing could suppress TRAIP expression via enhancing miR-4775. (**B**) CCK8 assay for analysis of proliferation. (**C** and **D**) Transwell assay was performed to test migration and invasion. \**P* \< 0.05.

Discussion {#S0004}
==========

Great progress has been achieved in the diagnosis and treatment of lung cancer in the past few decades, but its low 5-year survival rate remains a difficult problem to be solved worldwide.[@CIT0001] LncRNAs have been proved to be involved in the regulation of tumorigenesis.[@CIT0014],[@CIT0015] In this article, we introduced SLC7A11-AS1 as a potential prognostic marker and therapeutic target for lung cancer. Through binding to miR-4775, SLC7A11-AS1 could promote the expression of TRAIP to enhance lung cancer cell proliferation, migration and invasion.

In previous study, SLC7A11-AS1 was noticed to be down-regulated in gastric cancer and correlated with poor outcomes.[@CIT0007] SLC7A11-AS1 was suggested to be a useful biomarker for gastric cancer diagnosis.[@CIT0007] On the contrary, SLC7A11-AS1 was proved to be abnormally up-regulated in patients with pancreatic cancer.[@CIT0008] However, the role of SLC7A11-AS1 in lung cancer remains unknown. For the first time, our study illustrated the up-regulated SLC7A11-AS1 in lung cancer was associated with tumor progression. SLC7A11-AS1 knockdown suppressed the proliferation, migration and invasion of lung cancer cells.

LncRNAs have been reported to be ceRNAs for miRNAs.[@CIT0011] And, miRNAs have been considered as powerful regulators of human tumors by affecting multiple biological processes such as proliferation, migration and invasion. Through bioinformatics analysis, we found that SLC7A11-AS1 was the sponge for miR-4775. We demonstrated the interaction between miR-4775 and SLC7A11-AS1. MiR-4775 was previously found to be a tumor suppressor in glioma and its expression was obviously declined in glioma tissues.[@CIT0011] MiR-4775 overexpression significantly reduced glioma cell proliferation and migration in vitro.[@CIT0011] Furthermore, Zhao et al illustrated that miR-4775 promotes colorectal cancer growth, invasiveness and epithelial--mesenchymal transition.[@CIT0010] Nevertheless, how miR-4775 regulates lung cancer is elusive. Results from our study revealed that miR-4775 expression in lung cancer was negatively regulated by SLC7A11-AS1. And miR-4775 could serve as an important tumor suppressor in lung cancer.

Through bioinformatics analysis, we further identified and proved that TRAIP was directly targeted by miR-4775. And we found that TRAIP expression was regulated by SLC7A11-AS1/miR-4775 axis. The function of TRAIP in cancer is rarely researched. Only a study showed that TRAIP could drive the epithelial--mesenchymal transition of liver cancer and TRAIP overexpression was closely correlated with metastasis and poor prognosis.[@CIT0016] However, the function of TRAIP in lung cancer is largely unclear. In this research, we found that TRAIP expression was directly inhibited by miR-4775 and overexpression of TRAIP remarkably reversed the reduced proliferation, migration and invasion induced by SLC7A11-AS1 silencing. Thus, TRAIP was an oncogene in lung cancer. However, whether SLC7A11-AS1/miR-4775/TRAIP axis regulates the activation of some classical pathways, such as Wnt signaling, requires more investigation.

In summary, this research demonstrated that SLC7A11-AS1 was prominently up-regulated in lung cancer. SLC7A11-AS1 could promote lung cancer development by enhancing TRAIP expression via suppressing miR-4775. This study is the first time to discover the function of SLC7A11-AS1 in lung cancer.
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